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Abstract- Large radar antennas are generally 
covered with radomes to protect them from extreme 
weather conditions and to enable their continuous 
precision operation without sacrificing their 
performance. The radomes are assembled from 
many panels connected together with metallic or 
dielectric beams because of their large size. The 
panels are made of thin membranes or type A 
sandwiches which are optimized for minimum 
transmission loss over the operational frequency 
band of the radome. The beams introduce scattering 
effects that degrade the overall electromagnetic 
performance of the antenna enclosed in the radome. 
This paper addresses the problem of the systematical 
design of the geometry of the beams for minimum 
scattering and presents the effect of the radome on 
the radiation pattern of an antenna which is enclosed 
within. 


Index Terms - metal space-frame radome, dielectric 
space frame radome, tuned sandwich radome, 
scattering. 


I. INTRODUCTION 


The radomes are assembled from many panels 
connected together with metal or dielectric beams 
because of their large size. Large radomes are typically 
shaped like a spherical dome, as shown in Fig. 1 








Fig.1-Geometry of a typical space frame radome. 


This spherical shape for the radome is chosen not only 
because of structural and manufacturing considerations, 
but also because it provides the desired symmetry when 
the enclosed antenna performs scanning. From an 
electrical viewpoint, the beams and the window panels 
may be regarded as a collection of scatterers, which 


scatter the energy incident upon them from the 
transmitting antenna. In microwave applications, the 
window panels have little effect (especially for 
frequencies below X band) hence, the presence of the 
radome can be determined solely by evaluating the 
scattering properties of the beams and superimposing 
the effects in the far field. The radome is designed to 
have a quasi-random geometry to reduce the cumulative 
effect of scattering from the beams. The degree of 
randomness of the beam geometry can increase with a 
decrease in the beam length. However, such a decrease 
in the beam length also has associated negative effects, 
such as the increase in the total blockage due to the 
beams and decrease in the cost effectiveness of the 
panel manufacturing process. Consequently, there is a 
trade-off issue when randomness is considered in the 
design process of the radome. The frequency bandwidth 
of the radome, in terms of transmission losses and 
sidelobe perturbation performance, is determined by the 
combined effect of the panels and its beams. The panels 
are usually thin low-loss plastic membranes for metal 
and dielectric space frames, or A-sandwich type of 
panels for the sandwich radomes. The panels exhibit a 
wide frequency bandwidth, which normally does not 
limit the overall radome performance. The physical 
dimensions of the beams are determined by the stresses 
they have to withstand due to all environmental and 
physical loads, including extremely high wind-loading. 
Those beams may degrade the total system performance 
by introducing high levels of scattering which would 
limit the operational frequency bandwidth of the 
radome. The analysis of the scattering effect of space- 
frame radomes was first conducted by Kay [1]. 

Reduction of the scattering effect from the beams 
entails two steps: 

(1) Minimizing the scattering level from the individual 

beams; 

(11) Optimizing the radome geometry. 

Various methods to reduce the scattering effects from 
the beams, either as individuals or as an assembly in a 
space-frame radome are described in the paper and their 
effects on the radiation characteristics of an antenna 
enclosed in the radome are reviewed. 


Il. SCATTERING FROM AN INDIVIDUAL BEAM 


Scattering from metal and dielectric beams vary with 
frequency and is contributed by the electric polarization 
currents induced in the beams. This effect can be 
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characterized by the induced field ratio (IFR) [2] and 
the beam scattering pattern. The IFR parameter 
determines the scattering level from a beam of infinite 
length compared to the scattering from an aperture with 
the beam dimensions. The IFR of an ideal invisible 
beam is equal to zero and achieving this would be the 
design goal for a good space-frame radome. A metal 
beam which causes only optical blockage has an IFR 
equal to 1 at an angle of 180°. Fig. 2 presented in [2], 
[3] shows the dependence of the IFR for a perfect 
electric conductor (PEC) cylinder, while Fig. 3 also 
from [2], [3] shows the same dependence for a dielectric 
cylinder with ¢,=5 for parallel and perpendicular 
polarizations. 
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Fig.2-The IFR of a PEC cylinder as a function of its diameter in 
wavelengths [2], [3]. 
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(b) 
Fig.3- The IFR of a dielectric cylinder with ¢,=5 as a function of its 
diameter in wavelengths [2], [3] (a) parallel polarization, (b) 
perpendicular polarization. 


As we can observe, the IFR for the metallic cylinder 
varies monotonically for both polarizations, and shows a 
decrease of the IFR amplitude with frequency for the 
parallel polarization. For high frequencies, the IFR 
tends to be 1 with an angle of 180° (optical blockage) 
for both parallel and perpendicular polarizations. On the 
other hand, the picture is totally different for the 
dielectric cylinder. As one can observe, the IFR is very 
low for both polarizations at low frequencies, where the 
radius of the cylinder is small compared to the 
wavelength and therefore, the use of dielectric beams at 
low frequencies (less than 1 GHz) is attractive. 
However, as the frequency increases the induced 
polarization currents in the beam increase and, 
correspondingly, so does its IFR. Also, the IFR becomes 
oscillatory and the performance of the radome is not 
good over a broad frequency band. Similar results and 
trends are described in [4] and [5] for rectangular 
conductive and dielectric beams, respectively. 
Consequently, a dielectric space frame radome (DSF) is 
attractive for low frequencies (less than 1GHz), while a 
metal space frame (MSF) radome can operate above 
1GHz over a wide frequency range. However, its 
minimal scattering losses are determined by the total 
optical blockage of the beams introduced in the antenna 
aperture. Another drawback of the scattering level for 
an MSF radome is an increase in the antenna sidelobe 
level above -25 dB for certain high- performance radar 
applications. Therefore, there is a real need to reduce 
the scattering level below the optical blockage for 
frequencies above 1 GHz. 

Tuning techniques, such as insertion of conductive 
strips in the dielectric seams connecting the sandwich 
panels of the sandwich radome, are used [6], [7] to 
reduce the scattering level caused by the dielectric 
beams and design space-frame radomes to provide a 
performance better than that of MSF or DSF radomes. 
The currents induced in the conductive strips tend to 
offset the polarization currents induced in the seam and 
thereby reduce the tuned seam IFR. Fig. 4 shows the 
tuning mechanism with vertical and_ horizontal 
conductive strips. 
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Fig.4- Basic geometry of a dielectric slab with tuning grid. 
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The problem of computing the scattering from a 
dielectric beam with a rectangular cross section loaded 
with conductive strips has been addressed by 
Michielssen and Mittra [8], [9] to solve its combined 
field integral equation using the Method of Moments 
(MoM). 

Fig. 5 shows the IFR dependence of a typical tuned and 
untuned rectangular dielectric beam with dimensions 2” 
x 0.4”. The electrical properties of the beam are €r=4.6 
and tand=0.014. The beam is tuned with a grid of 
conductive strips located on its center line, spaced 
0.277” apart and with a strip width of 0.062”. The data 
presented is for the TM and normal incidence case. The 
computed and measured data are compared. 
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Fig.5- IFR as a function of frequency for a tuned/untuned dielectric 
beam 2” x 0.4” for vertical polarization at normal incidence. 


At the tuning frequency of 5.6 GHz the magnitude of 
the IFR drops significantly in comparison to that of the 
untuned beam. In addition, the IFR phase goes through 
the 180° value close to the tuning frequency, a feature 
common to resonant devices. 

Fig.6 shows the field distribution (amplitude and phase) 
of the untuned and tuned beams inside the cross-section 
at 5.6 GHz. 
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(b) tuned dielectric beam 
Fig.6- Field distribution in an untuned and tuned dielectric beam at the 


tuning frequency (5.6 GHz) at normal incidence (a) untuned, (b) 
tuned. 


As expected the total electric field goes to zero at the 
locations of the strips. Moreover, the phase of the 
electric field is relatively more uniform as compared to 
that of the untuned beam. The uniformity of the phase 
distribution is a good indicator of the transparency of 
the beam because it resembles the uniform phase front 
of the incident field. Fig.7 shows a comparison between 
the computed scattering pattern of the untuned and 
tuned dielectric beams at the tuning frequency of 5.6 
GHz. 


RCS 
10 
S |N om 
anplitude F. \ 
` = 
\ a 
Ag | 
[4 


-30 —_ 
90 180 270 350 


forward [203] 
direction 


oC 


backward 
direction 


Fig.7- Scattering pattern for tuned and untuned beam at 5.6 GHz. 


One can observe a significant reduction of the scattering 
levels in the forward direction as compared to that of the 
untuned beam. 

The IFR’s of two adjacent sandwich panels can be 
measured by the test set up shown in Fig. 8. 


Position 
Controller 





Fig.8-The measurement set-up for panel/seam test. 


Two A-sandwich-type panels, with a seam in-between 
were moved on a track in front of a pair of receiving and 
transmitting horns. The amplitudes and phases variation 


Forum for Electromagnetic Research Methods and Application Technologies (FERMAT) 


of the receiving signal were recorded throughout the 
panel movement. Using the measured phase and 
amplitude perturbation in the seam region, one can 
compute the IFR of the seam by using the formula given 
in [10] 


E [Ea (1) 
w Not 


where 

Aa (dB) is the amplitude change due to the tested seam 
in the forward direction; 

A@ (deg.) is the phase change due to the tested seam in 
the forward direction; 

w is the width of the shadow area of the seam’s 
geometrical cross-section on the incident wavefront. 

À is the wavelength; 

n'o is the distance between the tested seam and the 
transmitting horn; 

No is the distance between the tested seam and the 
receiving horn. 

Typical recordings of signals (amplitude and phase) for 
both the parallel (TM case) and perpendicular (TE case) 
polarizations are shown in Fig.9. 
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Fig. 9- Measured TL and IPD for tuned (----) and untuned ( 
beam. (a) vertical polarization, (b) horizontal polarization. 
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One can observe the reference signal before the panels 
cross the boresight line between the transmitting and 
receiving horns; the diffraction effect when the panels 
begin to cross this line; the insertion phase delay (IPD) 
and the transmission loss (TL) of the panel; and the 
phase and amplitude perturbations in the area of the 
seams. The recorded signal is symmetric with respect to 
the seam axis. The perturbation of the amplitude and 
phase in the seam region is significantly reduced for the 


tuned case. Moreover, one can observe a significant 
reduction in the IPD introduced by the seam for the 
tuned case. 


Ill. SCATTERING ANALYSIS OF THE BEAMS 


The approach introduced by Kay in [1] is followed in 
this work to derive the expression for the perturbed far- 
field radiation pattern of the antenna enclosed by the 
radome. Applications of Kay [1] approach to MSF and 
DSF can be found in [11], [12], and to tuned and 
untuned sandwich radomes in [13]-[15]. Fig. 10 shows a 
schematic diagram of the scattering mechanism of the 
beams. The aperture of the antenna is chosen to be 
elliptical with its major axes 2a x 2b and its center is 
assumed to be offset from the radome center (0, yo, Zo). 
The coordinate system for the scattering analysis is 
shown in Fig. 10. 














Fig.10-The geometry of the radome and the scattering mechanism. 


Let the coordinates of the center of the m' beam be 
(Xm,Ym,Zm) and let this beam be projected on the 
effective illuminated antenna aperture. The angle of 
inclination of the projected beam on the antenna 
aperture with respect to the y-axis is Om. The peak of the 
scattering pattern from the m™ beam is determined by 


the incident angle (8's 9%) of the corresponding 
constituent ray of the Gaussian beam at its center, as 
shown in Fig.10. In this derivation we use the 
coordinate system (@,¢) where 0 is the elevation angle 
measured in the y-z plane and @¢ is the azimuthal angle 
measured from the z-axis in the x-z plane. To determine 
the effect of perturbation due to the beam scattering, we 
initially compute the unperturbed far-field pattern of the 
antenna enclosed by the radome, and then superpose 
this result to the scattering pattern of the beam 
assembly. 

In the scattering analysis we make the following 
assumptions that are valid approximations for the 
purpose of computing the perturbed far-field radiation 
pattern: 

(1) The field incident upon the radome due to the 
enclosed antenna can be represented by using a 
divergent Gaussian beam model. Further, only the 
beams within the incident beam of the enclosed antenna 
contribute to the scattering. 

(i1) The total scattered field from the beams is assumed 
to be a superposition of all individual beams. Mutual 
coupling and multiple scattering effects are negligible. 
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(iii) The field incident upon a particular radome beam 
member does not vary significantly over the extent of 
the member. 

(iv) The field radiated by the m' beam is equivalent to 
that arising from a straight rectangular current strip 
projected on the antenna aperture with length /m, width 
Wm and with constant transverse and axial current 
distributions. 

To determine the perturbation due to the beam 
scattering, we initially compute the unperturbed far- 
field pattern of the antenna enclosed in the radome. In 
our analysis, we have assumed that the aperture 
distribution f(x,y) [14] of the elliptical aperture of the 
antenna with dimensions 2a x 2b, is expressed as 


F(s9)=€¥(1-0)] -5-2 (2) 


where C is the pedestal illumination and p is an 
exponential factor, which determines the shape of the 
aperture distribution. Given the aperture distribution 
f(x,y), one can compute the far field pattern F(6,¢) [16], 
which can be expressed in a closed form as, 


Te Dia) (3) 


+1 
u” 


F (0,ġ) = ra? cosa] C410 


where cosa=b/a, Jp(u) is the Bessel function of p™ 
order, T( p +1)is the Gamma function and 


u = kasin 0 (1 —sin’ sin’ a) . To evaluate the field 


incident upon the beams, the radiated near field from the 
elliptical aperture can be approximated by a Gaussian 
beam [17] with two independent waists Wei(z) and 
W.z(z) in elevation and azimuth, respectively. The waist 
W(z) is given by [17], 


2 1/2 
W(z) =W,| 1+(4z/2W,) l (4) 


where, Wo is the waist of the Gaussian beam at z=0 and 
it can either be Wo.«ı (elevation) or Wo,a, (azimuth). Wo 
can be computed by equating the actual 3dB beamwidth 
of the aperture to the 3dB beamwidth of the Gaussian 
beam approximation. The radius of curvature R(z) of the 
Gaussian beam is given by [17], 


R(z) = e| 1+(2W; faz) | l (5) 


There are two radii of curvature, Ra, and Re in azimuth 
and elevation, respectively. Given W(z) and R(z), one 
can compute the field intensity f(x,y,z) of the Gaussian 
beam at any distance z from the antenna aperture, by 
using: 


f(z 
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One can observe that the intensity of the electric field 
decays exponentially transverse to the propagation z- 
axis. Moreover, the intensity of the Gaussian beam 
drops by more than 30 dB at a lateral distance of 4Waz in 
x direction and 4Wa in y direction. Given this, the 
scattering effects from beams beyond a lateral distance 


of 4W., (x direction) and 4Wa (y direction) can be 
ignored. 

Using the approximations mentioned above, the far- 
field scattering pattern Im(0,ġ) from the m*® beam can be 
written as, 


I, (9,9) = Waly oma (7) 
where, 

u,, = cos(0— 6" )sin(ġ- ø) 

v, = sin (0 — 0) 8) 


d= cos( 0 - 63" )cos(ø- 4) 





A, = m, sinĝ'cos(ø'+ ô, ) 


m 


(9) 


m 


B = Eu sin 6'sin(#'+ 6, 
sin '=[ sin? (8 — 0") + cos? (4 — 4") sin’ (¢— 9") ] 
Spree) 

sin 0' 
The scattering from the beams is weighted by the 
antenna illumination function f(Xm,ym,Zm), given by (6) 
which is proportional to the IFR, and the scattering 
pattern /m(@,¢) given by (7). Thus the total scattered 
field from M beams can be written, 


5 (10) 
F; (9.0) => Bl, (0-0107 ‘One (52) 
m=1 
where [12] 
g,, =8,cos 6, +g, sin’ 6, . (11) 


and g, g,are the parallel and perpendicular 


components of the beam IFR. By combining the 
unperturbed pattern of the antenna F(6,¢) given by (3) 
and the scattered pattern from the beams F;(6,@) given 
by (10), one can compute the perturbed pattern F'(0,¢) 
by expressing it as 


F'(0,¢)=F(0,0)+ F.(0.¢) 


As an example of the scattering effect of the beams, we 
consider a vertically polarized antenna aperture 27’ x 2’ 
operating at 1.09GHz, which is enclosed in a 56 foot 
tuned sandwich radome. We assume that the aperture 
taper is 15 dB, i.e., p=2. The measured parallel 
polarization IFR is -0.013+j0.013 and the perpendicular 
polarization IFR is -0.12+j0.001, for a seam width of 4 
inches. The Gaussian beam spreading results in an 
illuminated aperture on the radome surface of 29.6’ x 
13.2’, which indicates that more seams are illuminated 
than is evident from the projected 27’ x 2’ aperture. 
Figure 11 shows the comparison between the computed 
scattering patterns with and without the inclusion of the 
divergence effect of the radiating aperture. 


(12) 
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azimuth 
unperturbed) and the scattering pattern due to the beams with (dashed) 
and without (solid) the divergence effect @ 1.09 GHz. 


Fig. 11-Computed radiation patterns (perturbed and 


One can observe that the divergence causes the scattered 
energy from the seams to be more uniformly distributed 
over a wider sector. The total transmission loss (with 
illumination divergence) from the radome improves 
from 0.06 dB to 0.02 dB, and the scattering level 


becomes more uniform. 


A. Radiation parameters affected by the scattered 
energy from the beams. 

The scattered energy by the beams affects a number of 
radiation parameters [18], as for example: 

(1) Transmission loss. 

(11) Sidelobe level increment of the enclosed antenna 
(111) Null depth in a difference pattern 

(iv) Beamwidth change 

(v) Boresight error 

(vi) Boresight error slope 

(vii) Cross-polarization ratio 

(vili) Antenna noise temperature 


(a)Transmission Loss 

The transmission through the radome not only depends 
upon the construction of the radome window, but also 
upon the antenna look angle, the field distribution over 
the antenna aperture, the location of the antenna inside 
the radome and the radome/antenna size ratio. Using ray 
tracing methods [1] the transmission through the 
radome can be determined by summing up the losses 
from all rays, which have different weight functions and 
look angles. The total loss through the radome, Li is 
given by 

L=Ly,t+L; 


where, 
Lw- transmission loss due to the radome wall in dB 
Lj- transmission loss due to the beams scattering in dB 


L =10-log|1+ p, -Re {IFR}| (13) 


ps- physical blockage of projected beams on the antenna 
aperture. 


(b) Sidelobe level increment 

At each angle, the energy scattered by the radome and 
computed by the model presented in [1] interferes with 
the radiated energy according to the amplitude and 


phase relationship between these two contributions. A 
sidelobe level (SL) in (dB) below the peak of the sum 
pattern is affected by the scattered energy (SE) in (dB) 
relative to the peak. The resulting sidelobe perturbation 
ASL(dB) can be approximated by 


ASL = 20log (1 + io) (14) 
(c) Null depth increment 

The scattered energy, whether it is co-polarized or 
cross-polarized, fills in the null of a monopulse system. 
The on-axis contribution of the scattered energy 
interacts with the weak energy in the null pattern 
radiated in this direction and affects the pattern 
according to the amplitude and phase relationship 
between the two sources. The null’s depth increment in 
the worst case can be approximated by eq. (14), in 
which SZ(dB) can be replaced by the null depth. 


(d) Beamwidth change 

The interference of the scattered energy with the main 
beam energy causes a 40 change in the antenna 
beamwidth BW. Maximum effect occurs when both 
sides of the beam are affected in the same way, either 
with in-phase or out-of-phase combination. The 
approximated antenna beamwidth variation at the 3dB 
points is described in [18] and is given by 





SE+3 
2 BW:201og|1+10 an | 
Ab=z— >` 4 (15) 
12 
This formula assumes a phase addition of the antenna 


field and the radome scattering field at the -3dB points. 


(e) Boresight error 

Boresight error (BSE) results from an imbalance 
between the two halves of the antenna. The source of 
the asymmetry may be a result of the difference in panel 
construction or the presence of more beams in front of 
one side of the antenna. The contribution of the beams 
is a function of their distribution in front of the antenna. 
An approximate formula [18], which estimates the beam 
induced boresight error reads: 


0.27-4- L-W -|Im(JFR) 


BSE(rad) = E (16) 
where, 
W-the width of the beam 


L- the average length of the beams 


R- the radius of the antenna 

A- the wavelength 
This formula assumes that there is an entire beam on 
one side of the aperture, uncompensated by the presence 
of another beam on the opposite half. The actual 
imbalance is smaller in the large-antenna case. 


(f) Boresight-error slope 

The rate of change of the boresight error is dependent 
on the change in the amount of beams in front of the 
antenna. Following [18] it can be approximated by 
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Slope = BSE / 0. (17) 

where, 

BSE- boresight error 

6.- subtended angle of the radome’s beam from the 
antenna center 


(g) Cross-polarization ratio 

The way in which the radome affects cross- 
polarization is also the same way it affects the 
sidelobes; that is, the scattered energy vectorially adds 
to the field radiated by the antenna without the radome. 
The principal difference here is that the energy scattered 
into the cross-polarization field must be less than half of 
the co-polarized scattered energy; thus the scattered- 
energy level used for the effect on cross-polarization 
energy 1s 3 dB lower for the change in the sidelobe level 
calculation. 


(h) Antenna noise temperature 
The noise temperature contribution due to the radome 
includes three factors: 


(i) Noise temperature contribution, NT; due to 
absorption in the radome window 

(ii) Noise temperature contribution, N72 due to 
reflection from the radome window 

(iii) Noise temperature contribution, NT3 due to 


scattering from the beams 

The noise contribution due to absorption in the radome 
window can be approximated by NT7;=300*P.,, where 
Pa is the amount of energy absorbed in the radome 
windows. When computing the reflection contribution, 
it is assumed that half of this energy is reflected to the 
cold atmosphere and half to the warm earth (300°K), 
therefore NT2=/150*P,, where P, is the amount of 
energy reflected by the radome windows. In_ the 
scattering case, the noise temperature contribution is 
dependent on the antenna elevation angle. Thus, for a 
typical 10° elevation angle, we assume that half of the 
scattered energy goes forward to the cold atmosphere 
and the other half backward; furthermore half of the 
backward energy is reflected by the antenna reflector 
back to the cold atmosphere. Under this assumption we 
obtain, NT'3=75*P;, where P, is the amount of energy 
scattered by the radome beams. 


IV. GEOMETRY OPTIMIZATION 


The total scattering effect of the antenna from all the 
beams in front of the aperture is computed by 
superposing all of the scattering effects from the 
individual beams. Optimization of the radome geometry 
takes into consideration factors such as minimization of 
the total seam length, increase in panel dimensions, 
minimization of the total number of parallel beams and 
uniform beam density throughout the antenna/radome 
scan angles. Fig.12 shows the difference in the beams 
scattering level and its distribution for a radome 
geometry projected on a circular antenna aperture for 
the case of a parallel (bad) geometry, and its comparison 


with the distribution for the quasi-random (good) 
geometry. 
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Fig. 12- Comparison of the radome scattering patterns between (a) 
quasi-random and (b) parallel geometries. 


One can observe that the scattered field for the case of 
the quasi-random geometry is more uniformly 
distributed, and has a lower intensity in comparison to 
that of the parallel geometry. Accordingly, the effect on 
the radiation characteristics of the antenna enclosed by 
the radome with quasi-random panelization is lower. 
Fig.13 shows the difference in the seams scattering 
level, and distributions for a quasi-random radome 
geometry with and without tuned seams. 














(a) (Dd) 


Fig.13- Comparison between the scattering patterns of a quasi- 
randomized geometry with (a) untuned and (b) tuned seams. 


The results in Fig.13 demonstrate the significance of 
tuning the seams in a sandwich radome. Another 
important factor in the radiation characteristics of an 
enclosed antenna in a sandwich radome is the variability 
of the blockage by the seams, through the radome with 
the antenna aspect angle. In a well-designed radome, the 
blockage to the antenna is almost independent of the 
aspect angle of the antenna relative to the radome, while 
large variability may be encountered in a badly designed 
radome. Fig.14 shows the variability of the seams 
blockage due to seams in a “good” and a “bad” 
sandwich radome design. 
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Fig.14- Beams blockage dependence on aspect angle for a “bad” and a 
“good” (uniform density) radome geometry. 


VI. CONCLUSIONS 

Scattering effects from the beams play an important 
role in the design of large ground-based radomes. To 
obtain a high-performance radome, one should consider 
reducing both the scattering from the individual beams 
and optimizing the beam geometry. 
The scattering from the beams affect many radiation 
characteristics of the antenna and not just the 
transmission loss. In this paper, we have reviewed the 
analytical and numerical tools to analyze these effects. 
The analysis shows that the DSF radome performs well 
for low frequencies, while the MSF radome has a wide 
frequency range, although its performance is limited. 
Finally, if we require a high-performance radome 
Operating in a limited frequency range we should 
consider the use of a tuned sandwich radome. 
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List of Acronyms 
IFR-induced field ratio 


PEC-perfect electric conductor 
DSF-dielectric space-frame 
MSF-metal space-frame 
MoM-method of moments 
T'L-transmission loss 
IPD-insertion phase delay 
SL-sidelobe level 

SE-scattered energy 
BSE-boresight error 


